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FOREWORD 


The U.S. Navy Hindcast Spectral Ocean Wave 
Model Climatic Atlas: Mediterranean Sea was 
prepared for the Commander, Naval Oceanography 
Command (CNOC) by the Officer in Charge, Naval 
Oceanography Command Detachment, Asheville, 
North Carolina. The work was performed in 
Asheville at the National Oceanic and 
Atmospheric Administration's (NOAA) National 
Climatic Data Center (NCDC). 
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Global Climate Laboratory (GCL): Peter 
M. Steurer for serving as project leader; Phala 
Franks for performing the parameterization of 
the data; and Thomas R. Karl who was 
instrumental in completion of work on the 
project. Specific acknowledgement is also made 
to GCL's Ronald G. Baldwin, computer 
programmer/analyst, for production of the 
computer-generated graphic presentation, and 
Michael G. Burgin and Scott J. Miller, 
Meteorological Technicians, for their drafting 
skills in preparation of this publication for 
printing. 
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BACKGROUND 


In December 1974 the Fleet Numerical 
Oceanography Center FL-ENUMOCEANCEN in 
conjunction with the Naval Oceanographic Office 
(NAVOCEANO) adopted the Spectral Ocean Wave 
Model (SOWM) developed by Dr. Willard J. Pierson 
and others to produce operational spectral wave 
data for the Northern Hemisphere. The SOWM is a 
computer-based procedure that produces a 
directional variance spectrum at specified yrid 
points spaced at up to 180 nautical mile 
intervals. This spectrum defines the sea 
surface at each = grid point through a 
two-dimensional (direction/frequency) matrix of 
12 directions and 15 frequency bands. Further 
inrormation on the theoretical basis of the SOWM 
is contained in Appendix A. 


At the Seakeeping Workshop in July 1975, 
the rationale and structure of a hindcast wind 
and wave climatology were developed. It was 
concluded at that time that the hindcast 
climatology be intended to provide a statistical 
basis for evaluating the effects of the 
environment. 


In order to summarize a set of spectra, it 
is often useful to generalize the most 
significant characteristics. The David Taylor 
Naval Ship Research and Development Center 
(DTNSRDC), with Operations Research, Inc. (ORI), 
developed computer programs to derive a number 
of numerical parameters from the spectral wave 
data. The National Climatic Data Center (NCDC) 
used many of the concepts from these programs 
and others written by FLENUMOCEANCEN to devise a 
paraielerization routine which was used tor tiis 
atlas. 


OVERVIEW 
|. PARAMETERS 


This atlas contains climatological 
summaries for seven parameters. Four of these 
parameters have already been summarized in other 
climatic atlases (U.S. Navy, {974 and 1987). These 
include wind speed and direction, significant 
wave height (hereafter referred to as the wave 
height), and wave direction, iee., the direction 


trom which the highest waves are moving 
(berearter referred to as primary wave 
direction). The other three parameters 


contained in the wave climate summaries for this 
atlas are: wave slope parameter, modal wave 
period, and cirectionality of the waves 
(hereatter referred to as the directionality). 
These three parameters have not appeared in 
previous U. Se. Navy climatological atlases, 
because they cannot be directly derived trom 
visual observations. However, they can be very 
important operating considerations. Appendix B 
provides a complete description of all seven 
parameters. <A brief description of the wave 
sloppy parameter, moda! wave period, and 
directionality rollows. 


The wave slope ot a regular wave is defined 
as the ratio of wave height to wave length. It 
is not normally reported, but it can be obtained 
trom the output of the SOWM or from the 
tLrequeney spectrum of a wave record. Ship 
rolling and hence stability is atfected by the 
wave Slopes of the higher waves encountered. 
The wave slope parameter is directly related to 
the wave slope. Therefore, the higher the wave 
slope parameter, the higher the wave slope. 
Table B3 in Appendix B relates the wave slope 
parameter to values of the wave slope at a tixed 
point. Steep waves are usually associated with 
wave slope parameters of Q.10 or more, while 
values of less than 0.05 are usually associated 
with more moderate conditions. 


The modal wave period is defined in terms 
of the trequency spectrum. It is the period 
associated with the maximum wave energy in the 
wave spectrum. Modal wave periods associated 
with wave lengths about (0.75 and 1.25 ship 


lengths (depending on ship course and speed) can 
The modal 


cause resonance pitching and heaving. 


wave period is not necessarily equal to the wave 
period associated with the higher of the two 
waves, the sea or the swell as summarized in the 
past U. S. Navy climatologies (U. S. Navv, 
1974). 


The directionality is a measure of the 
uniformity of the direction of movement of the 
waves. If the waves are all moving in a uniform 
direction then the directionality is equal ts 
one. When there is no preferred direction ot} 
wave movement (a completely confused sea. state) 
the directionality takes on the value of i. 
Obviously, ship response and maneuverability can 
be atfected by the directional spread of the 
wave energy. 


ll. DATA 


Data in this atlas are derived using winds 
and waves from the period January 1973 °t. 
December 1982, i.e., 10 years. Computer 
processing difficulties during the generation of 
the SOWM hindcast data caused the number of 
hindcasts to vary among grid points. As 4a 
result, approximately 10% of all the data were 
lost during the 10-year hindcast period, 1973- 
1982 (Steurer, 1988). 


ISOPLETH ANALYSES 


Tsopleth analyses were completed for 
various thresholds for the percent frequency of 
wind speed, wave height, and the wave slope 
parameter. These analyses were based on nearly 
220 grid points, 63 of which are also used in 
tabular presentations. All points are depicted 
on the Mediterranean Sea map (Fig. 1). The 63 
grid points also used in tabular summaries are 
listed in Table 1. 


The Mediterranean Sea contains many areas 
of shallow water (< 100 fathoms) due to the 
large number of peninsulas and island groups. 
Since SOWM is a general purpose deep-water 
model, care should be taken when interpreting 
the analyses for shallow-water applications. 
The gray line in Figure 1 is in fact the 100 
fathom isobath. 
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Unlike previous SOWM atlases (U.S. Navy, 
1983 and 1985), isopleth analyses are shown in 
areas of less than 100 fathoms. This was done 


in order 


to provide more continuous analyses 


which would be less confusing to the user. 


CONTINGENCY TABLES 


Contingency tables tor 63 grid points are 
presented for the following elements: 


(1) 


(7) 


Wind direction and speed; 

Wave height and wind speed; 

Wave height and wave slope parameter; 
Wave height and period; 

Wave height and directionality; 


Wave height and = primary wave 
direction; 


Primary wave direction and = wind 
direction. 
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Table 1 
Grid Points Included In Tabular Summaries 








The values in these tables are percent 
frequencies rounded to the nearest whole 
percent. Values less than 0.5% but greater than 
O% are depicted by a 't+'. 


The left side of each contingency table has 
a percentage scale for the bar graphs associated 
with the categories indicated along the bottom 
of the table. The height of the bar graphs was 
determined by adding the values within each 
column. Similarly, the percent frequencies in 
the column denoted by a 'T' (total) were 
obtained by summing the percent frequencies 
across each row. Rounding may cause minor 
differences between printed totals and total 
ce]l counts. By adding down or up the 'T' 
column or across the bar graphs at the bottom of 
the table, it is possible to obtain the 
cumulative percent frequency of a parameter 
below or above some specified threshold value. 


In the following four contingency tables: 
wind direction and speed, wave height and wind 
speed, wave height and wave slope, and wave 
height and directionality the mean value of one 
of the two parameters associated with each 
contingency table is displayed just above the 
upper left corner. The number of hindcasts that 
was available for all seven tables is also shown 
at the top of each table. When SOWM hindcast 
data were not retained due to insufficient wave 
energy, all parameters were assumed to be zero 
including the wind speed and direction. Wind 
speeds were rounded to the nearest whole knot 
before tabulating the frequency statistics. 
Directions are those from which the wind or wave 
is coming. Detailed instructions describing how 
to read each of the various types of contingency 
tables are contained in the ‘Legends for 
Tables'. Some potential uses for the 
contingency tables are demonstrated in 


Appendix c. 
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DURATION AND INTERVAL TABLES 


Duration and Interval Tables were prepared 
for: 


(1) Wind speed; 
(2) Significant wave height; 
(3) Wave slope parameter. 


The tables contain objective compilations 
for 63 grid points on a seasonal basis, and also 
without regard to season (All Data). Since grid 
points may be representative of relatively small 
geographical areas surrounding the points, 
interpolation may be necessary if data are 
required for areas between grid points. 


Episodes of durations (continuous hours or 
days) of events and episodes of intervals 
(continuous hours or days) between events. were 
tallied for various thresholds. These tables 
give an indication of how long an episode is 
likely to last once it has begun. For 
convenience, the time an episode persisted above 
a given threshold is arbitrarily referred to as 
a “duration” of the event. The times in between 
episodes have been termed “intervals.” Data 
have been summarized on a _ seasonal basis as 
opposed to monthly summaries. This was deemed 
most appropriate because even with 10 years of 
hindcast data the embedded missing data makes 
the sample too small to provide representative 
durations and intervals for long episodes of 
wind and wave conditions. The winter season 
consisted of months January through March, 
spring - April through June, summer - July 
through September, and autumn - October 
through December, (World Meteorological 
Organization, 1981). Additional information on 
the construction and use of the duration and 
interval tables, including examples of their 
applications, is included in Appendix D and in 
the 'Legends for Tables.' 
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‘S~1 Event with wind speeds 27 kn. persisted 12 hours; 26 events Sy 
nersisted 296 hours 4 


The longest event with wind speeds >7 kn. persisted for } season / 
or more and it occurred 2 times. ~~— - - fs 
The longest event with wind speeds 248 kn. persisted 18 hours / 


and it occurred | time. —-—-——--~~—-~—-—-~-----— < 
4) Events had wind speeds 24 kn. which comprised a total of 1,336 
hindcasts. —-~ —-—- —- —-~~——-—-—---——-—-—-—-~-- 4 


1,483 Hindcasts were examined, and 1,443 had wind speeds 24 kn. 7 


Durations for a particular season extend from the time the event 


begins (or the first day of the season if already in progress}, and termi. 


nate when the event ends. Events become undetined if missing 
data is encountered Durations lasting a season or more are 
categorized together Durations may persist into the next season. 
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“There were 13 12-hour intervals between events of wave heights\\ \ | 
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29 ft. (2.7m); 4 intervals persisted 96 hours or more 1 : | 
The longest interval between events of wove heights 26 f. (18m) 44 | 
was 132 hours and it occurred | time.— ~— ——~ ——~——~—— 7ri 
The longest interval between events of wave heights 264 ft. Z tt 
(19.5m) was 1 season or more and it occurred 9 times. -—-—-—-—~ [ i 
There were 13 intervals between events of wave heights >3 ft. ! | 
{0.9m) which comprised a total of 23 hindcasts.~ ——~———— a | 
1,235 Hindcasts were examined, and 23 had wave heights <3 ft. rs 
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(0.9m). 


Intervals for a particular season extend from the time the event ends 
(or the first day of the season if the event is not in progress), and termi- 
nate when the event begins. Intervals become undefined if missing 
data is encountered. Intervals lasting a season or more ore 
categorized together. Intervals may persist into the next season. 
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There were 32 intervals between events of wind speeds >4 kn. ~ ; 
which comprised a total of 40 hindcasts. — ~~ ——~—-— zs J 


1,235 Hindcasts were examined, and 40 had wind speeds <4 kn -” 


Intervals for a particular season extend from the time the event ends 
(or the first day of the season the event is not in progress), and termi- 
nate when the event vegins. Intervals become undefined if missing 
data is encountered. Intervals lasting o season or more are 
categorized together. Intervals may persist into the next season. 
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‘2 Events with a 20.02 persisted 12 hours; 30 events persisted a 
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The longest event with a 
] time 
The longest event with a 
it occurred 14 times 


24 Events had a 20.01 which comprised a total of 2,477 hindcasts 7 
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2,659 Hindcasts were examined, and 2,64] had a 200) -—---7~ 


Durations for a particular season extend from the time the event 
begins (or the first day of the season if already in progress), and termi. 
nate when the event ends. Events become undefined if missing data 

is encountered. Durations lasting a season or more are categorized 
together. Durations may persist into the next season 





ABBREVIATIONS (See text for details) 


MAX. Maximum duration or interval, followed by the number of occurrences 
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of 1,524 hindcasts. -—— — -~ ~ -~—------~—-—-—---- an 
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1,649 Hindcasts were examined, and 1,626 had wave heights 23 ft oy 
(0 om} 


Durations for a@ particular season extend from the time the event 
begins (or the first day of the season if already in progress!, and termi. 
note when the event ends. Events become undefined if missing 

data is encountered. Durations lasting a season or more are 
categorized together. Durations may persist into the next season 
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slopes 20.06; 2 intervals persisted 96 hours or more 


The longest interval between events of wave slopes 20 10 Pea 
was 474 hours and it occurred } time 
The longest interval between events of wave slopes 20.15 was! 1 
seasonor more and it occurred 18 times. — —— TOT TTT 


There were 6 intervals between events of wave slopes 20.01 oy 
which comprised a total of 12 hindcasts. / 


2,440 Hindcasts were examined, and 12 had wave slopes <0.01.- 


Intervals for a particular season extend from the time the event ends 
{or the first day of the season if the event is not in progress), and termi- 
nate when the event begins. Intervals become undefined if missing 
data is encountered. Intervals lasting a season or more are 
categorized together. Intervals may persist into the next season 
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“17 Events with wind speeds >4 kn. persisted 0.5 day; 57 events ‘1 \/ 
persisted >] day but <2 days. rT H 

P F : | 

The longest event with wind speeds 24] kn. persisted 1.75 days 1 

and it occurred 2 times. — ——-———-—-——-— -— TO TTT 7 ly 

The longest event with wind speeds 234 kn. persisted 3 days _ y) 1 | 

and it occurred 1 time. — — ————-—-—-—-- om TOT 1! 
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442 Events had wind speeds >4 kn. which comprised a total of, fo 

12,384 hindcasts ~ —-—-—-——-—-—-—--—-- Tr rrr ; 


13,606 Hindcasts were examined, and 12,640 had wind speeds _/ 
24 kn Dita tay, 


Durations extend from the time the event begins and terminate 
when the event ends. Events become undefined if missing data is 
encountered 
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0.5 day; 2 intervals persisted >1 day but <2 days. \ 
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The longest interval between events of wave heights =3 ft. (0.9m) { 
was 18.25 days and it occurred 2 times.~ — — ——— SSS 
The longest interval between events of wave heights >40 ft. 


was 308.25 days and it occurred | time.- ————7~—-7 77 
There were 401 intervals between events of wave heights yy 
23 ft. (09m) which comprised a total of 3,133 hindcasts.— —~ 
13,606 Hindcasts were examined; and 3,208 had wave heights <3/ 
ft. (09m). — ~— — 
Intervals extend from the time the event ends and terminate when 
the event begins. Intervals become undefined if missing data is 
encountered 
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~1 Interval between events of wind speeas 24¢ 


day, 4 intervals persisted >] day but <2 day: 


The longest interval between events of wind sc 
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8.75 days and it occurred 2 tmes —--— ~— 7 


There were 45] intervals between events of w 
24 kn which comprised a total of 963 hindcs: 


13,606 Hindcasts were examined, and 966 hag 


Intervals extend from the time the event ends c 
the event begins. Intervals become undetined 
encountered 
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ABBREVIATIONS (See text for details) 
MAX: Maximum duration or interval, followed by the number of occurrences 


TE or TI. 


Total number of events or intervals 


T. Toto! number of hindcasts included in TE or TI 
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Total number of hindcasts that met the stated criteria 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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WIND SPEED (S10 AND 234 KNOTS) 





WIND SPEED (S10 AND 234 KNOTS) 


Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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WIND SPEED (<10 AND >34 KNOTS) 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


{ Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 
Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines (short intermediates) - Percent 
frequency of wind speeds 234 knots 
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Solid Lines (dotted intermediates) - Percent 
frequency of wind speeds <10 knots 


Dashed Lines {short intermediates) - Percent 
frequency of wind speeds 234 knots 
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WAVE HEIGHT (<5 AND <8 FEET) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights <5 feet (<1.5 meters) 


Dashed Lines (short intermediates) - Perzent 
frequency of wave heights <8 feet (<2.4 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights <5 feet (<1.5 meters) 


Dashed Lines (short intermediates) - Percent 
frequency of wave heights <8 feet (<2.4 meters) 
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WAVE HEIGHT (<5 AND <8 FEET) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights <5 feet (<1.5 meters) 


Dashed Lines (short intermediates) - Percent 
frequency of wave heights <8 feet (<2.4 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights <5 feet (<1.5 meters) 


Dashed Lines (short intermediates) - Percent 
frequency of wave heights <8 feet (<2.4 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights <5 feet (<1.5 meters) 


Dashed Lines (short intermediates) - Percent 
frequency of wave heights <8 feet (<2.4 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights <5 feet (<1.5 meters) 


Dashed Lines (short intermediates) - Percent 
frequency of wave heights <8 feet (<2.4 meters) 
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WAVE HEIGHT (212 AND 220 FEET) 


Solid Lines (dotted intermediates) - Percent fre- \ 
quency of wave heights 212 feet (=3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights >20 feet (=6.1 meters) 


VIA 
a? 


a | 





oe \\ 
< | 
‘“ \ ee Sy ‘ 
ie Fae gO 
PT a \ 
IO a 
aes \ ‘ ea 
ave a —— 


JANUARY 


FEBRUARY 


Solid Lines (dotted intermediates) - Percent fre- 


quency of wave heights =12 feet (>3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (26.1 meters) 
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WAVE HEIGHT (212 AND 220 FEET) 


Solid Lines (dotted intermediates} - Percent fre- 
quency of wave heights 212 feet (=3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (26.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (=3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (26.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (=3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (26.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (>3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (>6.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (23.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (=6.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (=3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (26.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (23.7 meters) 


Dashed Lines - Percent frequency of wave 
heights = 20 feet (2>6.1 meters) 
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Solid Lines (dotted intermediates} - Percent fre- 
quency of wave heights 212 feet (=3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (26.1 meters! 
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WAVE HEIGHT (212 AND 220 FEET) 


Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (>3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights 220 feet (26.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
quency of wave heights 212 feet (=3.7 meters) 


Dashed Lines - Percent frequency of wave 
heights >20 feet (26.1 meters) 
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Solid Lines (dotted intermediates) - Percent fre- 
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APPENDIX A 
SOWM DEVELOPMENT 


Before 1975, FLENUMOCEANCEN relied on 
“singular” wave models to predict wind wave, and 
swell heights as well as their corresponding 
directions and periods. The basic weakness of 
the “singular” models is that they do not 
accurately depict the complex wave propagation 
in the larger oceans like the Atlantic and 
Pacific where several wave trains can coexist in 
one area at any given time. 


The SOWM is a wave specification and 
forecasting procedure that will describe the 
complex frequency-direction spectrum of waves in 
deep water with a reasonable resolution on a 
grid of points over the ocean. As originally 
planned, there were to have been four times as 
many grid points and twice the angular 
resolution for the spectra. The computer 
program exists for this higher resolution model, 
but it is not operational. Running time and 
memory allocation constraints made it necessary 
to reduce the number of grid points and decrease 
the angular resolution. This coarser grid can 
result in a misinterpretation of sub-grid scale 
features and fetch. 


Since the SOWM is a general purpose 
deep-water model, it was not designed to include 
effects such as refraction, diffraction, 
shoaling, and bottom friction. AS a 
consequence, SOWM output should be interpreted 
with a great deal of care for shallow water 
applications. Also, there are no wave-wave or 
wave-current interaction mechanisms; the latter 
have been observed to alter the wave fields in 
regions of a strong current like the Aguhlas 
Current and the Gulf Stream. 


The grid of points were laid out on 
gnomonic subprojections of an icosahedron (a 
solid whose surface is 20 equilateral triangles) 
so as to allow great circle propagation. For 
each of the 20 triangles, a gnomonic projection 
is used. Thus, a straight line with any 
orientation on any of the 20 subprojections is a 
great circle. On the sphere, the sides of the 
equilateral spherical triangle intersect at an 
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each triangle is plotted 
projection. 


The triangles are not orie 
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land. Fig. Al shows the 20 tri 
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FIG. Al The twenty 
All triangle: 


le of 729 and, thus, five triangles meet at a 
non point. On a map, the sides of the 
ilateral triangle weet at an angle of 60°, if 
n triangle is plotted as a gnomonic 
jection. 


The triangles are not oriented in a simple 
relative to the latitudes and longitudes on 
Earth. Instead, the icosahedron was located 

as to maximize the number of verticies on 
d. Fig. Al shows the 20 triangles as_ their 
ticies and edges appear on a Miller 
jection}. Each triangle covers exactly the 
e area, and the marked distortion of a Miller 
jection is evident. 
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Two sides of a triangle form a natural set 
of axes for each subprojection and the grid of 
points at which the SOWM spectra are comput«u 
are formed by the intersections of equally 
spaced lines drawn parallel to the two chosen 
sides of each subprojection as shown in Fig. A2. 
Each grid point, in principle, ought to be 
representative of wave spectra anywhere within 
the hexagon surrounding the grid point. 


1 A Miller projection is a cylindrical 
projection similar to a Mercator projection with 
less exaggerated spacing of the parallels at 
high latitudes. 
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FIG. Al The twenty equilateral triangles of the icosahedral gnomonic projection of the SOWM. 
All triangles are the same size on the Earth, but the Miller projection distorts them. 
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FIG. A2 The 325 grid points on a triangular gnomonic 
subprojection for the SOWM. Any straight line 
is a great circle. The hexagon around the circled 
dot shows the area represented by a grid point. 
The inner hexagon of heavy dots and the outer 
hexagon of X’s show those grid points required 
to treat wave propagation effects at the circled 
point. (After Pierson, 1982) 


The great circle property is indicated by 
the fact that waves can travel to a given grid 
point along a great circle path from any one of 
the six surrounding grid points, thus accounting 
for six of the 12 direction bands in the model. 
The other six direction bands have directions of 
travel halfway between those for each of the 
primary directions. These spectral components 
are effectively treated as if they come from a 
source on the inner hexagon surrounding each 
grid point at a point halfway between two grid 
points. The distance involved is thus only 
about 854 of the primary distance as shown in 
Fiz. A3. 


Land boundaries and a prescribed ice limit 
act as sinks for spectral components. Grid 
points just south of the equator are treated as 
an artificial land boundary to provide 
appropriate sinks for southward moving spectral 
components and artificially fetch limited waves 
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for southerly winds at the equator. No swell 
from the Southern Hemisphere exists in the 
model, although tney could be appreciable just 
north of the equator during the Southern 
Hemisphere winter. Also, there is no specific 
provision for tropical cyclones in the model. 


Once the grid, the spectral resolution, and 
the time step are prescribed, the model can 
compute what the spectrum will be at each grid 
point x hours later, given an initial wave 
spectrum and the winds at all grid points at the 
time, t = to- 


In the SOWM, this is accomplished by 
computing: (1) how much the wind-generated sea 
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FIG. A3 Grid points involved in propagation. The large d 
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this is accomplished by 
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will increase or grow (if at all) during the 
next time step at each grid point; (2) how much 
the waves traveling against the wind (+ 90°) 
will be dissipated; (3) how far each spectral 
component will propagate at a representative 
group velocity along a great circle path in 
x hours; and, then reassembling the spectra for 
the end of the time step. 


For brevity, these steps are called Grow, 
Dissipate, and Propagate. For the SOWM 
hindcasts at the end of a six-hour time step, 
within the resolution of the model, the new 
spectra at the grid points represented the 
waves at t = t + 6 hours; new winds were then 
used, and the processes of Grow, Dissipate, and 
Propagate were repeated. 
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Jes for one time step. The shift is reversed for the next time step. (After Pierson, 1982) 





APPENDIX B Conversely, the highest frequency is 


which corresponds to a period of 3.24 


PARAMETER DERIVATIONS The SOWM generates ‘energy variamwen' 


cell within the 180 element matrix f 


The output from a SOWM hindcast includes a wind fields. There is a certain 
directional variance spectrum at each grid point confusion inherent in the terminolog 
as represented by 12 equally divided direction variances’ since the values within eac 
bands and 15 frequency bands of varying widths not energies. It is necessary t 
as depicted in Tables Bl and B2. The direction somewhat to appreciate the roots 
bands are unique for each grid point, but the terminology. 
frequency bands remain constant for all grid 
points (Table B2). The lowest possible In a steady Sea State the recor 
frequency in a SOWM spectrum is 0.0388 Hz which waves (a continuous time series of the 
corresponds to a period of 25:1 seconds. fall of the sea surface at a _ point) 

TABLE B1 


AN EXAMPLI OF A DIRECTIONAL VARIANCE SPECTRUM 
Wind Direction = 160° Wind Speed = 21.5 kn 


Central Frequency (hz) 


Direction 
(deg) 





Frequency 
Spectrum 


Derived parameters: H. = 9.3 ft., Le 8.57 s., « = 0.085, PWD = 212°, p, = 0.77 
0 


Aye VR 


vy, the highest frequency is 0.308 Hz 
responds to a period of 3.24 seconds. 
generates ‘energy variances’ in each 
du ihe 18C elewent matrix from input 
ds. There is a certain amount of 
inherent in the terminology ‘energy 
since the values within each cell are 
gies. It is necessary to digress 
to appreciate the roots of this 
gy- 


steady Sea State the record of the 
continuous time series of the rise and 
he sea surface at a point) does not 


VCE SPECTRUM 
- 21.5 kn 


————$———_ 





5.44 Total 
(ft2) 





repeat itself exactly from one wave to the next 
because the waves are a superposition of 
sinusoids with many different frequencies and 
directions of travel. Every wave record of 
finite length as a function of time, however, 
can be decomposed into harmonics. The zeroth 
harmonic is the mean elevation of the sea and is 
assumed to be zero for the analysis since the 
contributions from much longer periods such as 
the tides are constants during the time of 
observation. The first harmonic, is a least 
squares fit of a sinusoid with a period equal to 
the wave record with its peak positioned such 
that its amplitude is maximized. The first 


TABLE B2 


BAND NUMBER, BAND WIDTH, CENTRAL FREQUENCY 
(AS A FRACTION AND A DECIMAL), PERIOD, AND 
BANDWIDTH BOUNDS (After Pierson, 1982) 


Lower | Upper 
Period |Bound|Bound 
x 180| x 180 


Wielth Central 
1 180 Frequency |Frequency 


55.5180 | 0.30833 
37.5/180 | 0.20833 
28.5'180 | 0.15833 
24.0/180 | 0.13333 
21.0180 | 0.11666 
18.5180 | 0.10277 
16.5180 | 0.09166 





14.5/180 | 0.08055 
13.0180 | 0.07222 
12.0/180 | 0.0666 
11.0180 | 0.06117 
10.0/180 | 0.0555 
9.0'180 | 0.0500 
8.0/180 | 0.0444 
7.0/180 | 0.0388 
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harmonic has one maximum and minimm for. the 
entire wave .ecord. The second harmonic has a 
period of one-half the wave record with its two 
peaks positioned such that it too has maximum 
amplitude. Each subsequent harmonic can be 
thought of as a least squares fit of a sinusoid 
with the number of peaks and valleys (or the 
period) increasing (decreasing) corresponding to 
the harmonic number. By adding each new 
harmonic to the preceding harmonics, the 
harmonics or the 'Fourier Series’ begin to 
resemble the wave record. If the number of 
observations on the wave record is N, then N/2 
harmonics will completely describe the wave 
record. 


The average energy in the wave motion per 
unit area is described by: 


E =; og a* (B1) 


where 9 is the density of the ocean water, g is 
the acceleration of gravity, and a is the wave 
amplitude. Haif of the energy is kinetic, and 
the other halt is potential. 


Recalling that each wave record can be 
decomposed into a number of harmonics, then if 
the amplitude of each harmonic is squared, 
multiplied by (' pg), and plotted on a graph as 
the ordinate using the associated frequency or 
period of the harmonic as the abscissa, the 
resulting graph is a ‘wave energy spectrun.' 
Initially it was customary to present the 
spectrum in this manner (World Meteorological 
Organization, 1976), but since the magnitude of 
the right-hand side of Eq. Bl is dominated by 
(a*) the multiplication of (pg) is now omitted. 
This is the format of the data generated in the 
SOWM hindcasts. Each cell in Table Bl can be 
summed to yield the quantity (1/2a2). The 
omission of (pg) transforms the ‘wave energy 
spectrum' into an ‘energy variance spectrum" or 
more appropriately ‘variance spectrum,’ since 
the sum of each cell in Table Bl will equal the 
variance of the spectrum of the wave record it 
is representing. Likewise, the area under a 
variance spectrum curve as derived from the 
frequency spectrum totals in Table Bl will equal 
the variance of the spectrum represented. 
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WAVE HEIGHT 


In Table Bl each quantity within the cells 
of the table has units of ft2, and cells without 
any values contain component variances less than 
0.01 ft2. Such small values were considered 
insignificant, and were not retained in the 
output generated from the SOWM hindcast. The 
total variance of each spectrum can be converted 
to a spectral wave height parameter CB 5 ) which 
closely corresponds to the significant wave 
height (Hy/3)+ The significant wave height on a 
wave record is defined as the average height of 
the highest one~third of the wave heights. The 
quantity (43/3) has been shown to rougniy 
approximate the characteristic wave height 
observed visually (Cartwright, 1964; 
Nordenstrom, 1969). The spectral wave height 
parameter (Hn) from Rayleigh statistics is 
defined as: 

L 

Hmg = 4 (m,)* (B2) 
where m, is the sum of the component variances 
of all cells of Table Bl. The quantity (mp) is 
commonly referred to as the moment of order 
zero. The correspondence between Ho and H/3 
is strictly valid for a spectrum with most. of 
its energy or variance concentrated over a 
narrow range of frequencies, but the 
approximation in the cases with a broader 
Spectrum is sufficiently close for most 
practical applications (World Meteorological 
Organization, 1976). 


WAVE PERIOD 


The choice of the modal or peak wave period 
(Tp) is based upon the ‘variance densities' of 
the point spectrum. ‘Variance densities’ with 
dimension of ft2-sec are obtained by dividing 
the variances by the frequency bandwidth. In 
the SOWM the bandwidths vary in size from 
0.00560 to 0.1333 Hz. After dividing by the 
bandwidth, the energies are standardized with 
respect to one another. T, can then be obtained 
by choosing the central frequency, or 
corresponding period, caesar with the peak 
variance density. In Table Bl, is associated 
with the central frequency of OQ. hee Hz, which 
equates to a period of 8.5 seconds. The problem 
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associated with an ill-defined modal period of a 
specific spectrum, as occurs when there is only 
a small difference between the variance 
densities of two or more frequency bands, is 
minimized due to the large number of spectra 
included in the summaries presented in this 
atlas 


WAVE SLOPE 


The slope associated with very high waves 
is considered by many ship designers to be a 
major contribution to operational failures. The 
wave slope is often estimated using the ratio of 
the wave height (H) to the wave length (L). 
However, the relationship usually used to obtain 
the wave length: 


L = 5.121? (B3) 


where T is the wave period in seconds and L is 
the wave length in feet is valid only when the 
wave is a simple periodic sine wave. Pierson 
(1955) clearly states that Eq- B3 does not hold 
for the irregular sea surface. The assumptions 
under which Eq. B3 was derived are violated 
outside of the wave tank. An alternative method 
of estimating the wave slope is needed. Since 
the SOWM provides a frequency spectrum of wave 
energy this information is used directly in this 
atlas to calculate a wave slope parameter (a). 


The wave slope parameter, q , is defined by: 
lL. 
(m,) */g (B4) 


where m, is the moment of order four (the fourth 


moment). The moments are defined by: 
K 
= »» n > 
ss eae sas 


where wis the circular frequency, n is. the 
order of the moment, Vy is a component variance, 
and K is the number of frequency bands. The 
parameter a is the root mean square of the 
absolute slope at any fixed point. Cummins and 
Bales (1980) derived the wave slope 
parameter a. It should be noted that qg is more 
strongly influenced by the shorter, higher 
frequency components of the spectrum than by the 


larger, longer, but not so steep waves near the 


modal frequency. Thus, a “rough sea” as 
measured by a, does not necessarily imply a 
“high sea.” Information regarding the 


significance of its range of values can be 
calculated from the derivation of the root mean 
square wave slope of a regular wave. The 
resulting equation is (Gentile, 1982): 


(Bé) 


eR 

I 
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where Hyis the wave height (crest to trough) and 
lw is the wave length. Information in Table B3 
is based upon Eq. B6. 


TABLE B3 


APPROXIMATE VALUES OF WAVE LENGTH 
TO WAVE HEIGHT FOR ASSOCIATED VALUES 
OF THE WAVE SLOPE PARAMETER (a) 


Ratio Wave Angle of 

Wave Slope Lenath {L) to Wave Slope 

Parameter (a) Wave Height (H) Tan“! (H'L) 
0.01 222.0 0.3° 
0.02 111.0 0.5° 
0.03 74.0 0.8" 
0.04 55.5 1.0” 
9.05 44.4 3k 
0.06 37.0 1.5° 
0.08 27.8 21° 
0.10 22.2 2.6° 
0.11 20.2 2:3. 
0.12 18.5 3/40 
0.13 17.1 3:3: 
0.14 15.9 3.6° 
0.15 14.8 3.9° 





PRIMARY WAVE DIRECTIO?F 
DIRECTIONALITY 


The primary wave direction (PWi 
directionality ( ,) are two parameter 
derived from the directional spectruz: 
opposed to the frejuency spectrum tot 
definition of the PWD is taken direct 
FLENUMOCEANCEN 's 1981 version 
operational SOWM computer program 
1981). The PWD is determined by a 
process. First, the maximum varian. 
the directional totals is identified. 
one of the twelve directional bands. 
following true-false tests are pe 
sequence. 


12 
’ Dy : 
Vie V2 eV Lem 


Bie 
Viewer? eee # om 
12 
z er eet 
Vinymtlym=l oe lay “gl brs 


where i is one of the 12 directional! 
Vat] is the higher of the “4 
directional variances. 


If Eq- B7 is true, then the i 








IMARY WAVE DIRECTION AND 
DIRECTIONALITY 


- orimary wave direction (PWD) and _ the 
ionality ( ¢) are two parameters which are 
trom the directional spectrum totals as 

‘7 ta the frequency spectrum totals. The 
‘ion of the PWD is taken directly from the 
‘OR ANCEN 's 1981 version of their 
tional SOWM computer program (Lazanoff, 
The PWD is determined by a multi-step 
First, the maximum variance (Vy) in 
;vocttonmal totals is identified, where m is 
r the twelve directionai bands. Next, the 
wiv truefalse tests are performed in 


12 
ta eee , 
TLE vy item (B7) 
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i is one of the iz directional bands, and 


is the higher of the two adjacent 
funul variances. 
ig. B? is true, then the f is the 





direction associated with Vy. If B7 is ralse, 
Eq- B8 is tested; and thusly for Eq. B9. For 
the first successful test of Eq. B8 or B9, the 
vectors defined by the directions and variances 
of the quantities on the left-hand side of the 
inequalities are summed and the resultant 
direction defined as the PWD. if Eq. B9 is 
false, then the PWD is not defined, and a 
confused sca state is assumed. The methodology 
used for defining the PWD is somewhat arbitrary, 
but the technique has proved quite useful 
operationally (Lazanoff, 1981). 


The degree of directionality is defined by: 


3 2.5 
= B10 
QO. = Aa, Py ) (B10) 
where 

12 
opie (1/m,) a1 Vv sin 0; (B11) 

12 

és z 
Py G./m,) A v, cos Q; (B12) 


The angle © is the direction associated with the 
variances in the directional spectrum totals. 
Tne directionality has a value of ore for an 
unidirectional sea state, and a value of zero 
when there is a completely symmetric 
distribution of variance around the compass. 
This parameter has the same properties as_ the 
‘constancy' parameter, often used in 
climatolcgical wind suumaries. 
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APPENDIX C 


SOME 


APPLICATIONS OF 


CONTINGENCY TABLES 


Question: 


Sample Application: 


Answer: 


What is the Climatological 
probability of having wave 
heights less than 20 ft at 41°N, 
004°E in Autumn? 

A war at sea exercise 
is planned for 10 through 19 


November at 41°N, OQO4°E. In 
order to complete all phases of 
the exercise within the 10 day 
period available, at least 7 days 


(not necessarily consecutive) 


with significant wave heights 
less than 20 feet are needed. 
Based on climatology, will 10 


days probably be enough time to 
complete all phases of the 
exercise? 


Proceedto the November wave height 


and wind speed contingency table 
tor the grid point nearest to 
41°N, 004°F. From Table 1 or 
Fig. 1 (Mediterranean map) we 


find that this is the contingency 
table for sequence number 5. 
(For illustrative purposes the 
contingency table from the 
“Legends for Tables” is used in 
the following solution.) The 
climatological probability of 
having wave heights <20 ft can be 
found by adding the percent 
frequency of occurrences in the 
"T" or total column for wave 
heights <20 ft. The result is 
2+3494+14+20+17 = 654. This means 
that an the average 65% of the 
time woves less than 20 ft will 
be encountered during November. 
Since 10 days have been allowed 
for the exercise on average 10 X 


-65 = 6.5 days will have 
significant wave heights less 
than 20 ft. Thus based on 


2. 


3. 


Question: 


Answer: 


Question: 


climatology, 10 days 

probably not be enough tir 
complete the exercise. How 
if the exercise period cou] 
extended to ll days, on av 


7.2 days (.65 X 11) would 
less than 20 ft waves and 
exercise could probably 
completed. 


How can the tables be utiliz 
predict the efficiency oo 
vessel, system, or operation 


a given area and time of 
year? 

Operational enhancement 
environmental tuning may 
realized through the foll 
procedure: 

(a) Identify the de 
acceptable joint frequency 


occurrence for the parameter 
interest, i.e., wave height 
wind direction, wave height 
wave Slope, etc. 

(b) Extract the joint pe 
frequency of occurrence for 
parameter(s) of interest fro 
appropriate contingency tabli 
the desired time interval (m 
season, or annual), for 
area(s) of interest. 

(c) Derive probabilities 
efficiency by determining 
percent of the time that 
identified environm 
conditions fall within 
desired operable limits. 


How can the tables he use 
assess how the environment 
have been a contributing fi 
in the fajlure or damage 
system, operation, or equip! 
(Note: This does not pertal 
failures due to a spe 
episode, but rather to fai 


which result from cumuli 
stresses over a signif: 
portion of the s 


"Lifespan"). 
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time to 
However, 


inatology, 10 days 
obably not be enough 
splete the exercise. 
the exercise period could be 
krended to ll days, on average 
»- days (-65 K 11) would have 
‘4s than 20 ft waves and the 
ie eteeee could probably be 
ropleted. 


nw can the tables be utilized to 
recdict the efficiency of a 
essel, system, or operation, for 
liven area and time of the 


Se? 


enhancement by 
tuning may be 
following 


ovrational 
pvironmental 
zulized through the 
procedure: 

1) Identify the desired 
:ceptable joint frequency of 
‘currence for the parameters of 
terest, i.e., wave height and 
rd direction, wave height and 
ve slope, etc. 

Extract the joint percent 
toyuency of occurrence for the 
ly .umeter(s) of interest from the 
propriate contingency table for 
© desired time interval (month, 


ee oe 


4300, Or annual), for the 
vi(s) of interest. 
Derive probabilities of 


,}iciency by determining the 


recent of the time that the 
witified environmental 
-ditions fall within the 


t:ired operable limits. 


‘. can the tables be used to 
‘,ucs how the environmert may 
fe been a contiibuting factor 
, the failure or damage of a 
stem, operation, or equipment? 
civ: This does not pertain to 
ilures due to a specific 
| ode, but rather to failures 
‘eh result cumulative 
Possess significant 
ship's 


from 
over a 


tion of the 
ifespan"). 


4. 


Answer: 


Question: 


Answer: 


environmental 


Inputs to assess 


impact on a system of operation 
may be gathered by: 
(a) Identify the area(s), time 


(month) of failure or damage. 
(b) Identify the wind and wave 


conditions which if exceeded 
would probably cause damage or 
failure. 

(c) Derive the percent of 
occurrence of conditions, 
exceeding those conditions 
identified in Step 2, for the 
corresponding area(s) and time 


(Silver and Bales, 1983). 


How can these tables assist in 


ship design? 


For example, U. S. Navy ship 
designers follow four steps when 
applying the information 
contained in atlas to 
design. 

(a) Define the mission of the 
vessel, and determine the 
significant wave heights in which 
the mission must be performed at 
required levels of efficiency. 


this 








*EXAMPLE* 


Mission Maximum Allowable 
Ship Motion 


Sig 
Wav 





Operation of Aircraft 
Continuous Total Mission 
Limited Operation 
Survivability 


(b) Identify the area(s) of 
operation. 

(c) Extract wave height percent 
of occurrences from the Wave 
Height and Modal Wave Period 
Contingency Table for the 
appropriate area(s). This can be 
done monthly and annually. 

(d) To calculate ship responses 
derive the percentage of 
successful, limited, and 
unsuccessful mission operation by 
using the percent frequencies of 
occurrence of the significant 
wave height operating envelopes 
with the joint frequencies of 
occurrence of significant wave 
height and modal wave period 
(Bales, 1983; Comstock, Bales, 
and Gentile, 1982). If the 
percentages of success derived in 
Step (d) are unsatisfactory for 
operating specifications the 
designer must fine tune the 
vessel's hull configuration to 
meet the operating envelope. 





5° roll 


10° roll 
15° roll 


N/A 


5. 


Question: 


Answer: 
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*EXAMPLE* 


Maximum Allowable 


a Ship 
4 
4 
1 
) of 
te) 
iSircoent 
Wave 
iVeriod 
-hh 6othe 
flan be 
) 
t donses 
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hi} and 
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Motion 
5° roll 
10° roll 
15° roll 
N/A 
5. Question: 
Answer: 


Significant 
Wave Height 


<13 ft (4m) 
13-20 ft (4-6m) 
20-30 ft (6-9m) 
>46 ft (14m) 


How can these tables be utilized 
in planning a ship trial? 


Ship trial planning can _ be 
enhanced through the use of this 
atlas by following a procedure 
similar to that used by the ship 
designer to identify areas of the 
ocean likely to provoke the 
desired ship motions at a given 
time of the year. 

(a) The first step is to define 
the seaway (upper and lower wave 
height limits) best suited for 
specific tasks of the ship trial. 
(b) Identify the general 
geographic area of the trial. 

(c) Identify the times (months) 
which have acceptable probability 
(e-g-, 50%, 75%, 80%, etc.) of 
occurrence of the desired wave 
heights. Probabilities of 
occurrence can be derived by 
extracting the wave height from 
the wave height contingency 
tables. 
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APPENDIX D 


DURATION AND INTERVAL 
TABLES 


In the seasonal tables, durations and 
intervals that are underway at the beginning of 
a season are treated as if they began on _ the 
first day of the season. The other alternative, 
going backwards in time into the previous season 
to search for the actual beginning time, was 
considered less appropriate for planning 
purposes. When a mobile platform (ship) arrives 
at a location at some arbitrary time, the 
duration of the current episode previous to the 
ship's arrivai is not usually important. The 
ship is affected only by the number of hours the 
episode is likely to continue for the time the 
ship remains in that vicinity. It is not 
particularly important that the beginning of a 
season was used for the start-up of duration or 
interval frequencies, whereas, actual operations 
may be scheduled to begin at times other than 
the beginning of the season; episodes are likely 
to occur in a near-random manner through the 
course of specific seasons. In terminating 
durations and intervals, episodes that carried 
beyond the end of the season were counted until 
they actually ended or they continued for more 
than one season (90 days), whichever occurred 
first. This prevents episodes trom becoming 
artificially short simply due to the ending of 
the season. For example, if a plan calls for a 
ship to be at a specific location near the end 
of the season and remain in that vicinity for 
several weeks into the next season, the fplanner 
only needs to check the table for the season in 
which he plans to arrive and not a_ subsequent 
table for some later season. 


In the summary tables covering all seasons, 
durations and intervals that are underway at the 
beginning and end of the period of record are 
not counted. These summary tables represent the 
wind or wave environment at a fixed position 
over the 10-year hindcast period. By assuming 
a stable climate and using appropriate 
statistical procedures, these tables can be used 
to estimate conditions which would affect a 
fixed platform for the expected lifetime of the 
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platform at a fixed position. 


Missing data were not replaced wit 
estimated values. When missing data wer 
encountered, the ongoing and subsequent episode 
were excluded from the duration and interve 
frequencies. This tends to reduce the number c 
very long-duration events common to the summar 
tables covering all seasons. It has littl 
effect on the statistics. for shorter duratic 
phenomena. 


Definitions of column trailers in the duratic 
and interval tables (see 'Legends for Tables' 
are as follows: 


MAX: The maximum duration (c 
interval) in hours, followed t 
the number of times an episode c 


that length occurred. Tt 
abbreviation “SEA” in tk 
seasonal tables represent 


episodes that lasted one _ seasc 
or longer. 


TE: The number of events satisfyin 
the stated criteria. An even 
begins with the wind speed, wav 
height or slope increasing to th 
given threshold. 


TI: The number of intervals. Thes 
are episodes not satisfying tr 
stated criteria. An interva 
begins with the wind speed, wav 
height or slope falling below tt 
given threshold. 


ys The total number of hindcast 
that were included in (TE) c 
(TI). 

Te: The total number of hindcast 


that met the stated criterié 
This is more than T if missir 
data made the duration ¢ 
interval impossible to determine 
It can be used to determine tt 
probability of encountering tt 
conditions specified (t 
computing T*/TH). 








position. 


were not replaced with 
When missing data were 
going and subsequent episodes 
the duration and interval 
tends to reduce the number of 
events common to the summary 
seasons. It has little 
sties for shorter duration 


mi trailers in the duration 
(see 'Legends for Tables') 


maximum duration (or 
rval) in hours, followed by 
number of times an episode of 


length occurred. The 
eviation “SEA” in the 
onal tables represents 
‘des that lasted one season 
Tele 


-umber of events satisfying 
stated criteria. An event 
ns with the wind speed, wave 
nt or slope increasing to the 
pn threshold. 


number of intervals. These 

pisodes not satisfying the 
ed criteria. An interval 
ins with the wind speed, wave 
ut or slope falling below the 
‘yn threshold. 


total number of hindcasts 
were Included in (TE) or 


total number of hindcasts 
t met the stated criteria. 

is more than T if missing 
“fi made the duration or 
_cva)l impossible to determine. 

in be used to determine’ the 
pibility of encountering the 
aitions specified (by 
outing T*/TH). 


TH: The total number of hindcasts 
examined. 


If the number of the ‘duration of events' 
or ‘intervals between events' exceeds 999, the 
symbol 'K' is used to denote thousands, and _ the 
'>' symbol is used to denote greater than or 
equal to. For example, >1K implies greater than 
or equal to 1,000 durations or intervals. In 
order to correctly interpret the tabulations, 
specific examples of the various types of 
duration and interval tables are provided in the 
‘Legends for Tables.' 


When answering questions using the duration 
and interval tables, it is important to 
distinguish between questions that require the 
use of the number of episodes and those that 
require the number of hindcasts. Answers’ for 
questions regarding the percentage of time at or 
above, or below, certain tisesholds require the 
use of the number of hindcasts. On the other 


hand, questions concerned with the percentage of 


episodes at or above, or below, certain 
thresholds demand the use of episode 


frequencies, where a one-day episode and 4 
60-day episode will each count as one episode. 


The following examples are provided to 
illustrate applications of the tables. The 
numbers in the examples are extracted from _ the 
sample tables in the legends. Regardless of the 
type of parameter used (wind speed, wave height 
or siope), the procedures are not altered. 


APPLICATIONS OF DURATION 
AND INTERVAL TABLES 


le Question: Of all the events with winds of 
34 knots or more during a 
particular season, what 
percentage had durations of 
longer than one day? 


Sample Application: Winds have just 
increased to gale force (34 knots 
or more) at a ship's location. 
What is the climatological 
probability that the gale force 
winds will persist longer than 
one day? 


* ree (? 


2s 


Answer: 


Question: 


Sample Application: 


Answer: 


The number of events (or 
episodes) >34 knots is 39 (from 
the TE column of the duration 
table in the ‘Legends for 
Tables'). The number of events 
of winds >34 knots lasting more 
than one day isl+3+1+ 1 = 
6. The percentage of events with 


winds >34 knots lasting one day 
or more is thus 6 39 X 100% = 
15.4%. 

What percentage of the time 


during a particular season can 
waves greater than or equal to 20 


ft be expected to persist longer 
than 24 hours? 

Carrier flight 
operations have been’ scheduled 
for a specified operating area 
during a particular season. 
Flight operations need to 
commence within 24 hours of 
arrival within the operating 
area. They cannot be conducted 


if the significant wave height is 


20 ft or more. What is the 
climatological probability that 
the carrier will be unable to 


conduct flight operations in the 


Operating area for more than 24 
hours due to high seas? 
This problem involves 


computations using hindcasts from 


the seasonal duration table 
rather than episodes from the 
duration table since we are 
answering a question regarding 
the percentage of time. The 
solution can be found by 


computing the joint percentage as 
follows: (percent of waves »>20 
ft times percent of 220 foot 
waves that persist longer than 24 
hours). Note that the percent of 
220 foot waves that lasted <24 
hours plus the percent of »>20 


foot waves that lasted 224 hours 
compute 


is 100% so we can 








whichever is eas 
from 100% 
Percentages are 
the difference b 
caused by missin: 
Compute the perc 
waves that laste 
this example it 
find the percent 
then subtract fr 
the percent we 
requires the cal 
total number of 
this criterion. 


This procedure is 





Hindcasts Freqt 

Duration Per Event (Fror 
6 hours l X 
12 hours 2 X 
18 hours 3 xX 
24 hours 4 X 

Thus, the perce 


3. Question: 


waves that laste: 
(63 175) X 100! 
percent of >20 f 


>24 hours is 
64.04%. 

Step 2. The per 
feet is (T*/TH 
(181 1236) xX 
Step 3. The ans 


14.6% = 9.4% 


NOTE: If an ans 
for a period 
seasons an appro 
would be to calc 
for each season 
expected duratio 


Considering all 
between events 





» 
! 
whichever is easier and subtract wave heights greater than or 
from 100% if necessary. equal to 9 feet during a specific 
Percentages are used because of season, what percentage persisted 
the difference between T and T* more than 24 hours? 
caused by missing data. Step l. 
Compute the percent of >20 foot Sample Application: A tug has just arrived 
waves that lasted >24 hours. In at the location of a _ salvage 
this example it will be easier to operation. Seas are less than 9 
find the percent for <24 hours ft. In order to successfully 
then subtract from 100% to obtain conduct the salvage operation, 
the percent we require. This the significant wave height must 
requires the calculation of the remain less than 9 ft for at 
total number of hindcasts meeting least 24 hours. What is the 
this criterion. climatological probability that 
the operation can successfully be 
conducted? 
This procedure is as follows: 
Answer: This problem involves the use of 
Hindcasts the seasonal interval tables, 
Hindcasts Frequency >20 ft Lasting since we want intervals between 
juration Per Event (From Table) <24 Hours wave height >9 ft. The number of 
intervals between events of waves 
>9 ft is 72 (from the TI column 
4 hours 1 X 7 = 7 of the interval table). The 
'! hours 2 X 2 = 4 number of intervals between 
1x hours 3 X 8 = 24 events (episodes) of wave height 
‘. hours 4 X 7 28 >9 ft lasting 24 hours or less is 
12+ 13+ 5 + 8 = 38. The 
TOTAL: 63 percentage of intervals between 
waves >9 ft lasting 24 hours or 
Thus, the percent of >20 foot less is thus (38 72) X 100% = 
waves that lasted <24 hours is 52.8%. In other words, 52.8% of 
(63 175) X 100% = 36.02. The all the episodes with waves <9 ft 
percent of >20 foot waves lasted persisted 24 hours or less, and 
>24 hours is 100% - 36.04 = the percentage of <9 ft wave 
64.0%. episodes lasting longer than 24 
Step 2. The percent of waves >20 hours is 100% - 52.84 = 47.2%. 
feet is (T*/TH) X 100% _— or Thus, the climatological 
(181 1236) xX 100% = 14.6%. probability that the operation 
Step 3. The answer is 64.0% X can successfully be conducted is 
14.6% = 9.42% 47.2%. 
! 
| NOTE: If an answer is required 4. Question: What percentage of the time can 
for a period which spans two significant wave heights less 
seasons an approximate procedure than 12 ft be expected to persist 
would be to calculate the answer longer than two days? 
for each season to get a range of 
expected duration or intervals. Sample Application: A particular location 
is being considered as an ASW 
Question: Considering all the intervals (anti-submarine warfare) exercise 
between events with significant area. Significant wave heights 
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Answer: 


less than 12 ft are required for 
the exercises, which normally 
last at least two days. On an 
annual basis, what percentage of 
the time could exercises be 
successfully conducted at the 
location? 


This problem requires the use of 
hindcast frequencies from the 
interval table which summarizes 
all seasons. We proceed 
following the steps outlined in 
Question 2. Step 1. Compute the 
percent of <l2 ft waves that 
lasted >2 days. This requires 
estimation of the total number of 
hindcasts meeting this criterion. 
Estimation is necessary because 
beyond one day, the 0.25 day 
resolution of the hindcasts is 
lost in the summary process, so 
we must approximate the average 
number of hindcasts per interval. 
Since the 1 to 2 day interval 
includes episodes consisting of 
1.25, 1.5, 1.75 and 2 days (that 
is 5, 6, 7, and 8 hindcasts), the 
average hindeasts per interval is 


Interv 


ire required for 
which normally 
» days. On an 
it percentage of 

exercises be 
iducted at the 


jires the use of 
acies from the 
which summarizes 
We proceed 

eps outlined in 
p 1. Compute the 
ft waves that 
This requires 

e total number of 
w this criterion. 
ecessary because 
» the 0.25 day 
he hindcasts is 
ary process, so 
wiv the average 
sts per interval. 
2 day interval 
s consisting of 
and 2 days (that 
* hindceasts), the 
$s per interval is 


Interval 


0.25 day 
0.50 day 
0.75 day 
1 day 

1-2 days 


6.5. In this example it will be 
easier and more accurate to find 
the percent for <2 days then 
subtract from 100 to obtain the 
percent we require. The 
procedure is as follows: 


Hindcasts Hindcasts Not 
per Frequency 212 Ft Lasting 
Interval (From Table) <2 Days 
1 X 53 = 53 
2 x 34 = 68 
3 X 25 = 75 
4 X 15 = 60 
6.5 X 52 = 338 
TOTAL: 594 


Thus, the percent of <12 foot 
waves that lasted <2 days is 
(594 -9056) X 100% = 6.6%. The 
percent of <12 foot waves that 
lasted >2 days is 100% - 6.6% = 
93.4%. 

Step 2. The percent of waves <I12 
ft ais  (T*/TH) xX 100%. or 
(10761-13606) X 100% = 79.1%. 
Step 3. The answer is 93.4% X 
79.1% = 73.9%. 
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